Xerogel-nanofiber carbon composites (XNCCs) have been easily synthesized by using a Ni catalyst supported on carbon xerogel (CXG), growing randomly oriented carbon nanofibers (CNFs) within the coralline-like structure of the xerogel (CXG). This novel composite combines the advantages of xerogel and fiber nanostructures. The interactions between these phases as well as their effect as a support on Pt electrocatalysts for the oxygen reduction reaction (ORR) have been investigated. Platinum catalysts supported on different XNCCs (varying in terms of CXG and CNF contents) as well as on bare CXG and CNFs have been synthesized using a microemulsion route. They have been characterized in terms of structure, morphology and porosity and investigated for the ORR in a half-cell configuration. The catalyst supported on the XNCC with a 44% CNF content shows the best electrochemical behavior. This catalyst formulation leads to a catalytic activity 5 times higher than that obtained on a Vulcan-based catalyst at low overpotential and 2.5 times higher at large overpotential. Accelerated degradation tests also show better stability for the composite support-based catalyst. Compared to bare CNF and CXG supports, a stabilization effect is envisaged by the presence of highly graphitic CNFs within the composite structure.
Introduction
Fuel cells are considered as the next generation power sources for efficient and non-polluting energy conversion. The electrode structure and composition optimization is still a fundamental challenge in developing cost-effective and durable fuel cells. Although polymer electrolyte fuel cells (PEFCs) are recognized as a suitable alternative for highly efficient electrical energy generation, 1,2 especially for systems requiring prolonged operation, the need for noble metals (platinum) to provide sufficient reaction rates has retarded the commercial development of these devices. Several research studies point out that the catalyst efficiency is still susceptible of further improvement from the point of view of precious metal utilization. 3 The strategies to accomplish such a goal comprise the optimization of both metallic phase composition and support features. Nevertheless, it is expected that the solutions needed to improve the performance must also take into account durability challenges.
It is generally accepted that carbon supports are the best choice in terms of surface area, electron conduction and porosity. [4] [5] [6] Carbon materials are also among the most versatile in terms of morphology and structure. 7 Novel nanostructured carbons include different morphologies, such as 1-D lamen-tous arrangements (nanobers and nanotubes) either spatially oriented 8 or randomly cross-linked; 9,10 2-D nanosheets such as graphene; 11, 12 or 3-D structures, either ordered, e.g. ordered mesoporous carbons, 13, 14 or disordered, e.g. carbon gels.
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Moreover, the ordering degree of sp 2 carbon may vary from purely graphitic to completely amorphous. The combination of all these features offers a wide spectrum of support properties. Yet, the optimum composition has not been identied. In general, carbon supports characterized by a high surface area (in the order of 800-1100 m 2 g À1 ), with an amorphous structure, permit high dispersion of noble metal. Unfortunately, these carbon materials suffer from high corrosion rates due to both high surface and low graphicity, resulting in unavoidable performance loss with time. This aspect may be alleviated by using carbon materials with high graphicity 17 and/or low surface area to minimize the corrosion of carbon. Thus another problem arises since the dispersion of metal nanoparticles is poorer on a low surface area support. In this context, heterogeneous nanocarbon materials have very recently received attention due to the possibility to combine the advantages of different carbon structures and compositions into an optimum support.
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In this context, there are few studies related to the combination of complementary structures into carbon composites. Kuo et al. 19 studied for the rst time the combination of mesoporous carbon hollow spheres (ca. 700 m 2 g À1 ) and carbon nanotubes. They named this combination sea urchin-like mesoporous carbon, characterized by a surface area between 350 and 400 m 2 g
À1
. Platinum supported on these novel structures showed improved catalytic activity (25% gain) with respect to the high surface mesoporous carbon alone. The improvement was attributed to the unique structural properties of the novel carbon support including large surface area, enhanced electron conductivity and well developed interconnected porosity. More recently, Cheon et al. 20 and Zhang et al. 21 have investigated ordered mesoporous carbon-carbon nanotube nanocomposites. They obtained a signicant improvement of electrocatalytic activity. Yet, the degradation phenomena remain an important challenge to be solved for a reliable electrocatalyst. Presumably, the large surface area of such composites (>1000 m 2 g À1 ), even if favourable for the good dispersion of small Pt nanoparticles ($2 nm), represents a disadvantage in terms of resistance to corrosion, which is directly proportional to the surface area. The approach of the present work is to combine the advantages of a high surface area amorphous carbon material, i.e. carbon xerogel (CXG, with ca. 600 m 2 g À1 ), with those of a highly graphitic low surface area one, i.e. carbon nanobers (CNFs, with ca. 100 m 2 g À1 ). Another advantage of carbon xerogels and carbon nanobers is their low cost (<0.50 $ g
) when compared to other advanced carbon supports, fullling the objective of increasing the electrode efficiency/cost ratio. High-quality carbon nanotubes and template-derived carbons are generally expensive. However, their peculiar physico-chemical properties may be transferred to other carbon composites. The main novelties of the present work lie on the facile synthesis process for the novel composite support and the achievement of high electrocatalytic activity. The synthesis methodology enables growing nanobers within the porous structure of xerogel, forming a composite at the nanoscale. This simple technique leads to an intimate contact between both carbon phases, maximizing the density of contact sites and thus the interaction with respect to a mechanical mixture.
Herein, Pt catalysts supported on these composite carbon materials were prepared, characterized in terms of structure, morphology and porosity and investigated for the oxygen reduction reaction (ORR) in half-cell measurements.
Experimental details

Synthesis of xerogel-nanober carbon composites
The xerogel-nanober carbon composites (XNCCs) were synthesized by growing carbon nanobers (CNFs) on a nickel catalyst, supported on carbon xerogel (CXG). Scheme 1 describes the procedure for preparing these XNCCs, in which the nanobers serve to bridge the agglomerates of primary xerogel nanoparticles. Firstly, CXG was synthesized by the pyrolysis of an organic gel at 800 C. 22 The organic gel was obtained by the polycondensation of resorcinol and formaldehyde in stoichiometric ratio (2 mol of formaldehyde per mol of resorcinol). The gelation and curing processes took place at an initial pH of 6.0 and using sodium carbonate as a catalyst (0.04 mol% with respect to total content of resorcinol + formaldehyde). The procedure includes three steps: 24 h at room temperature, 24 h at 50 C and 120 h at 85 C. Subsequently, remaining water is exchanged with acetone and the gel is dried under subcritical conditions before its pyrolysis. Pyrolysis took place at 800 C under a nitrogen atmosphere for 3 h.
The Ni/CXG catalyst was thus prepared following an impregnation and precipitation procedure. CXG was dispersed in ultrapure water (1 mg mL
À1
) by sonication for one hour. Then, a 0.075 M nickel nitrate solution, prepared from a high purity reagent (Sigma-Aldrich) was slowly added to the CXG dispersion, in an appropriate amount to result in 40 wt% of Ni. Aerwards the pH was adjusted to 5 with a sodium hydroxide aqueous solution to promote the precipitation of the metal salt. Sodium borohydride solution was then added to promote the metal uptake on the CXG partially reducing nickel. The resulting catalyst precursor (NiO x /CXG) was ltered, washed with deionized water and dried at 70 C for 24 h. Then, this NiO x /CXG precursor was completely reduced to metallic Ni in a hydrogen stream at 550 C for 1 h, resulting in the active Ni/CXG catalyst.
The XNCCs were synthesized by the catalytic decomposition of pure methane (200 mL g Ni À1 min À1 ) on the as-prepared Ni/ CXG catalyst at 700 C in a xed-bed reactor (inner diameter 16 mm). The relative amount of carbon nanobers (CNFs) with respect to carbon xerogel (CXG) was controlled using four different growth durations: 15 min, 23 min, 30 min and 60 min. At the end of the growth process, inert gas was passed for 15 min through the solid bed to interrupt CNF growth and remove any trace of methane, followed by the slow decrease of temperature.
For the sake of comparison, a pure CNF was also synthesized following the same procedure on an unsupported Ni-based catalyst obtained by the precipitation of nickel nitrate and reduction in hydrogen under the same conditions. In this case, the duration was adjusted to 600 min, using the same gas spatial velocity (200 mL g Ni À1 min À1 ). This growth duration served to obtain a high carbon content (>90 wt%) according to previous studies.
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Scheme 1 Schematic view of the procedure for preparing xerogelnanofiber carbon composites (XNCCs).
The XNCCs and the pristine CNF were nally treated in 0.5 M sulphuric acid at 60 C (mild conditions) for 20 h to remove nickel impurities by leaching. CXG was treated accordingly in order to consider the possible variations in surface physicochemical properties of CXG arisen from the acid treatment.
Synthesis of XNCC-supported platinum catalysts
Platinum catalysts supported on different XNCCs as well as on the corresponding pure CXG and CNF were synthesized using a microemulsion route. 9 Apart from the in-house prepared supports, a commercial carbon black (Vulcan XC72R) was also used as a platinum support for comparison purposes. This carbon black is generally used as the benchmark carbon support for fuel cell electrocatalysts. The choice of a microemulsion method was motivated by its suitability to obtain similar ne nanoparticles also in the case of supports with highly different surface areas. Catalytic activity is strongly inuenced by the surface arrangement of metal particles, that is, the density of highly active catalytic sites. 24 In the case of monometallic catalysts, the density of active sites strongly depends on the particle size of small nanoparticles (<5 nm). In order to obtain similar particle sizes independent of support features, reverse micelles were used for the connement of Pt crystallite growth by using a surfactant (polyethylene glycol dodecyl ether). This method leads to narrow particle size distribution centred at a dimension close to the optimal for the oxygen reduction reaction, i.e. 3 nm, as seen in a previous study.
9
The microemulsion was composed of 16.5 vol% surfactant (Brij® 30) and 0.77 vol% of aqueous solution (i.e. for a water to surfactant molar ratio of 3) including the platinum precursor (H 2 PtCl 6 , Sigma-Aldrich) in a concentration of 0.05 M. NHeptane (Panreac) was used as the hydrophobic phase. The carbon support is then dispersed in the microemulsion under sonication for one hour. The reduction agent, sodium borohydride (Sigma-Aldrich), is then slowly added in excess to the dispersion under vigorous stirring and le overnight for the complete reduction of platinum. The catalyst is then ltered, thoroughly washed with ethanol and water, and subsequently dried at 60 C overnight.
Solid-state characterization methods
High-resolution transmission electron microscopy (HRTEM) analyses were carried out using a FEI CM12 microscope. To obtain the micrographs, the samples were nely ground and ultrasonically dispersed in isopropyl alcohol. A drop of the resultant dispersion was deposited and dried on carbon lm-coated Cu grids. The pore texture of carbon supports was characterized by the analysis of nitrogen adsorption-desorption isotherms, performed at À196
C. The instrument used was a Micromeritics ASAP 2020. The analysis of the isotherms provided BET specic surface area, S BET , and the total pore volume from the adsorbed nitrogen close to saturation. The Barrett-Joyner-Halenda (BJH) equation was applied to the desorption isotherm to obtain the pore size distribution and the mean pore size for the supports.
X-ray diffraction (XRD) analyses were carried out using a Bruker AXS D8 Advance diffractometer, in a q-q conguration and with CuKa radiation. Platinum crystal sizes were calculated by applying the Scherrer equation to the Pt (220) reection at 2q approximately equal to 67. 5 .
Thermogravimetric analyses (TGA) were performed using a Setaram Setsys Evolution themogravimetric analyser. The experiments were carried out in air at atmospheric pressure from room temperature to 950 C, with a heating rate of 5 C min À1
. Differential analysis was applied to the curves to identify the possible phases with different oxidation behaviour. The residual weight aer carbon complete oxidation obtained for the supports and the catalysts separately were used to calculate the metal content both in the composites (mainly Ni) and the Pt/C catalysts (mainly Pt).
Electrochemical characterization
Gas diffusion electrodes were prepared according to a procedure described elsewhere, 22 consisting of carbon cloth backing, a gas diffusion layer and the catalytic layer under study. To reduce the ooding effects in the sulfuric acid half-cell, a hydrophobic backing layer was used (LT 1200W ELAT, E-TEK). The catalytic layer was composed of 67 wt% catalyst and 33 wt% Naon® ionomer, with a Pt loading of ca. 0.20 mg cm À2 (AE0.01 mg cm À2 ).
Half-cell tests were carried out in a conventional thermostatted three-electrode cell consisting of the gas diffusion electrode to be tested (working electrode), a mercury-mercurous sulfate reference electrode (Hg|Hg 2 SO 4 , sat.) and a high surface coiled platinum wire as the counter electrode. The electrode geometric area was 0.2 cm 2 and a 0.5 M H 2 SO 4 aqueous solution was employed as the electrolyte. Gas (nitrogen or oxygen) was fed to the electrode backing layer during the tests. An Autolab Metrohm potentionstat/galvanostat was used to perform the measurements. The electrochemical surface areas (ECSAs) were calculated from the area of the hydrogen adsorption region (0.02-0.35 V vs. RHE), in the cyclic voltammetry at 20 mV s À1 , considering a charge of 0.21 mC cm À2 for a Pt-H monolayer.
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Among the various methods reported in the literature, 26 an accelerated stress test has been selected for the evaluation of the catalyst resistance to degradation. It consists of a continuous potential cycling between 0.6 and 1.2 V vs. RHE at 20 mV s À1 up to a total of 1000 cycles, feeding nitrogen to the electrode. The evaluation of the decay process was carried out by in situ electrochemical tests: cyclic voltamperometry (from 0.02 to 1.1 V vs. RHE) in nitrogen and polarization curves in pure oxygen.
Results and discussion
Xerogel-nanober carbon composite characterization Fig. 1 shows HRTEM micrographs for the XNCC sample characterized by a growth duration of 60 min. The images clearly evidence that two types of carbon structures intimately coexist. The CXG phase is formed by small amorphous carbon primary spherules of about 15 nm diameter, bound among them within a coralline-like structure. Instead, the CNF phase is characterized by well-dened laments entangled among them and within the CXG structure. These laments, of about 30-40 nm in diameter, present a hollow core of about 10 nm. The hollow core is the result of the predominant rate of carbon nucleation on the surface of Ni particles with respect to the diffusion rate of carbon through the metal. A new graphene layer (nanocone in the present case) starts growing from the external side before the previous layer growth can reach the centre of the lament. 27 For Ni catalysts, this phenomenon occurs at temperatures as high as 700 C.
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The high magnication HRTEM image of Fig. 2 shows in more detail the difference among CXG and CNF ordering within the carbonaceous matrix. CXG is comprised of cross-linked non-graphitic aromatic carbon structures, crumpled into a randomly oriented three-dimensional spherule structure. Whereas, CNF presents a highly ordered graphite-like structure, comprised of partitioned stacked nanocones sharing a common axis. The two-dimensional projection resulting from this stack shows the inclination of graphene sheets of about 10 with respect to the growth axis. The described structure for CNFs corresponds to the so-called herringbone CNF, which is of particular interest in catalysis due to the high density of edgerich sites on the surface, 28 as can be also noticed in Fig. 2 . Thermogravimetric analyses were carried out in air at atmospheric pressure. Fig. 3 shows the differential of the thermogravimetric signal (dTGA) as a function of temperature performed for the different leached XNCCs as well as for the individual bare CXG and leached CNF. Two oxidation peaks appear in the composite materials. The one at the lowest temperature (559-578 C) is attributed to the combustion of the CXG-related phase, whereas the peak at the highest temperature (631-658 C) is attributed to the CNF-related phase. Peak temperatures are summarized in Table 1 . It is noticeable that the maximum rates of oxidation for the single peaks in TGA curves, both related to the CXG phase and the CNF phase, appear at higher temperatures (10-35 C shi) compared to the pure materials (543 C for CXG and 624 C for CNF). In this regard, the presence of two phases somehow inuences positively the resistance to oxidation in air, even considering that the presence of residual metal (Ni) in XNCCs may reduce the oxidation temperature of the pure carbon phase.
The areas under each peak of Fig. 3 were calculated by tting both peaks to Gaussian functions in order to estimate the content of CNF and CXG with respect to total carbon in the nanocomposites. According to the different growth durations (15 min, 23 min, 30 min and 60 min) the CNF content increases from 15 wt% to 56 wt%, as reported in Table 1 . The samples are accordingly labelled as 'XNCC' followed by a number standing for the CNF weight content.
The CNF weight content is reported in Fig. 4 versus the growth duration. These results indicate the initial non-linear behaviour of the CNF growth rate with time, initiating at a low rate of 15 mg g Ni À1 min À1 and achieving a constant rate of 50 mg g Ni À1 min À1 aer the rst 20 min. De Jong and Geus
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described an initial nucleation step for carbon nanober growth, in which a metastable metal carbide is initially formed and, aer approximately 10 min, the carbon precipitation starts and continues uninterruptible whereas the metal particles are not deactivated by encapsulation. The nucleation time depends on temperature and composition since it is a diffusion controlled process. This phenomenon explains the initial lower CNF deposition rate.
Considering the above model, a constant growth rate and a certain nucleation time, we have tted the experimental data by a minimum square of residuals (the red curve in Fig. 4) , resulting in 8.2 min of nucleation time (t 0 ) and a growth rate of 43 mg g Ni À1 min À1 . The CNF mass increase shown in Table 1 is due to the elongation of the nanobers at the estimated rate of carbon deposition, since the conversion of methane to carbon is constant. Furthermore, TEM analyses revealed differences in length among the various samples and a uniform nanolament diameter along the axis of each ber (Fig. 1) , conrming that the mass increase is caused by different CNF lengths. Table 1 also includes some other results extracted from TGA experiments. The residual weight aer complete combustion of carbon (at temperatures higher than 750 C) is attributed to the presence of Ni (or eventually Ni oxides), since no impurities were found in EDX-TEM analysis of the XNCCs. First of all, the Ni content in the NiO x /CXG precursor was close to the nominal concentration of 40 wt%. In the pristine composites, the composites before the leaching treatment in sulphuric acid, the Ni content decreases from 38.5 wt% to 19.2 wt% as the CNF content increases, since the total mass increases during CNF growth. These results agree with the mass balance of the system, considering an average CNF growth rate of 40 mg g Ni À1 min
À1
. A signicant decrease of Ni content is observed with leaching treatment, leading to residual weight values in the order of 3.1 to 5.8 wt%. Fig. 5a shows the nitrogen adsorption-desorption isotherms obtained at À196 C for the different composites (leached) as well as bare CXG and CNF. CXG presents the highest adsorption capacity, showing the typical curve of a meso-macroporous material with high adsorption at high relative pressure. Instead, the CNF presents the lowest adsorption capacity among the studied materials. The XNCC adsorption curves are found at intermediate values within those of pristine CXG and CNF in the decreasing order of adsorption capacity with the increase of CNF content. Fig. 5b shows the pore size distributions obtained by applying the BJH model. All carbon materials are characterized by wide pore size distributions in the interval of mesopores (>2 nm) and macropores (>50 nm). The pore size distributions are centred at about 35 nm, regardless of CNF/CXG composition. Notice that the CNF pore size distribution is widely highlighting the macroporous structure in which pores are the result of the interstitial space among nanolaments, with no specic size since they are randomly oriented. This means, in practice, that the pore size distribution observed for XNCCs comes from the well-dened porosity of CXGs, conrming that the nanobers bridge the agglomerates of primary xerogel nanoparticles. Table 2 A similar trend is observed for the pore volume. This indicates that the effective porosity of the carbon nanocomposites is the result of the individual phases constituted by the contribution of nanobers and xerogel, and so the porosity is easily tuneable by a careful selection of CNF/CXG composition.
Pt/XNCC catalyst characterization
Xerogel-nanober carbon composites were used as supports for 20 wt% of Pt. Preliminary leaching procedures minimize the possible effect of the presence of Ni residues. Fig. 6 shows the XRD patterns obtained for all the synthesized Pt/C catalysts. All catalysts show the face centred cubic (fcc) structure characteristic of platinum crystallites, as indicated in Fig. 6 . Whereas, the peak related to the reection of graphitic carbon C (002) shows increasing relative intensities with the CNF content. Note that in the case of Pt/CXG, the C (002) reection appears quite broadened according to the amorphous nature of carbon xerogel. On the other hand, for Pt/CNF this reection is the typical one of graphitic carbons. The higher the content of CNF in the hybrid nanocomposite, the higher the intensity of the graphitic plane reection. Table 3 describes the most signicant properties of Pt/C catalysts according to XRD and TGA-air analyses. A Pt concentration of around 20 wt% -nominal -was found in all catalysts and the crystallite size was very similar (ca. 3.4 nm as the average value).
Representative TEM images in Fig. 7 show the Pt dispersion on the composite support for the catalyst based on the material containing 44% CNF. In particular, the Pt particles deposited on the CNFs are reported in Fig. 7b , while those supported on the CXGs are shown in Fig. 7c ; both pictures are provided with the histograms of the particle distribution on the two carbon substrates. The average Pt particle size found in TEM images, considering the standard deviation, is close to the crystallite size obtained in XRD analyses (Table 3) . From the micrographs, it appears that a larger amount of Pt particles is present on the CXG phase than on CNF. This could be ascribed to the different characteristics of the two carbon nanostructures, i.e. amorphous with a large number of surface defects and oxygen groups for CXGs and crystalline with high order and a low content of oxygen functionalities for CNFs. As is well known, the Pt deposition rate is favored in the regions where a large number of defects (e.g. surface roughness) occur. Such evidence clearly indicates that the surface characteristics, e.g. surface groups or surface roughness, govern the formation of metal particle agglomerates.
Electrochemical characterization
The Pt electrocatalysts based on different composite support materials, bare CNFs, CXGs, and Vulcan, were investigated for the oxygen reduction reaction (ORR). The polarization curves obtained are reported in Fig. 8 . The catalyst supported on the composite carbon containing a 44% CNF content showed the best electrochemical behavior. The other Pt catalysts based on different percentages of CNF in the support achieved a reasonably high performance similar to that recorded with Pt/ CNF. The catalyst based on pure CXG as the support showed the worst polarization behavior despite the largest electrochemical active surface area (ECSA), as reported in Table 4 . This is probably due to a lower conductivity of the bare CXG support.
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The Pt/Vulcan catalyst was also tested under the same conditions; the results were similar to those obtained with Pt/CXG.
The stability of the various samples was investigated by accelerated degradation tests (ADTs) based on potential cycling at 20 mV s À1 for 1000 cycles. Fig. 9 shows an example of accelerated degradation test for Pt/XNCC44. All the electrodes followed the same trend. It can be observed how the oxygen reduction peak shis to higher potentials and decreases in intensity during the cycling process, which can be attributed to an increase of particle size with a consequent reduction of the electrochemical surface area (ECSA) and increase of intrinsic catalytic activity for oxygen reduction, as already described in a previous study. Table 4 shows the ECSAs for the catalysts, before and aer the degradation procedures, and calculated as detailed in the Experimental section. The ECSA values show a maximum for the Pt/CXG due to the largest BET surface area of the support; yet, aer the accelerated degradation test the loss of ECSA was the largest in this catalyst (54%). This is due to the fact that the surface area of the carbon xerogel is considerably high (see Table 2 ); thus, this carbon is more prone to corrosion. 30 This phenomenon is also reported in the literature for other high surface area carbon materials. 20, 21 Cheon et al. 20 prepared ordered mesoporous carbon-carbon nanotube (OMC-CNT) nanocomposites and used them as catalyst supports for polymer electrolyte fuel cells. In their work, they reported a decrease of ECSA of more than 80% aer an ADT. In the present work, the catalyst using the bare CNF as the support showed a loss of ECSA of 23%, due to the relatively low surface area of the support. This decrease of ECSA is similar to that recorded with the Vulcan-based one. The catalysts supported on composite carbon materials showed a larger degradation compared to the bare CNF, but lower than CXG. In particular, increasing the contents of CNFs in the composite resulted in an increase of ECSA losses; this behaviour does not follow the expected trend and will be an object of further investigations. Probably, it depends on the different distributions of Pt particles on the two supports and the different metal-support interactions. In fact, a suitable anchoring effect and optimized dispersion may reduce the number of agglomerates where the corrosion effect (dissolution and reprecipitation) is more dramatic. Fig. 10 shows the ORR polarization curves for the catalysts aer the ADTs. A decrease of performance, in particular in the activation region, was observed for all catalysts. This loss is moderate for the Pt/XNCC44 sample characterized by the largest performance in the half-cell polarizations before the ADT. Aer the ADT, the most active catalysts are those based on composites with CNF content between 15% and 44%. It appears from Fig. 8 that there is no direct relationship between ECSA and mass activity. Aer the ADT, the largest losses both in ECSA and mass activity at 0.8 V were recorded with the catalyst supported on bare CXG. Similar mass activity losses were observed for the Pt/Vulcan catalyst, although the decrease in ECSA was not so dramatic. Accordingly, the ECSA is not the key parameter determining the electrocatalytic activity for ORR under these conditions; however, the decrease of mass activity aer the accelerated tests appears to reect the decrease of the ECSA for most of the samples.
It is noted that the decreased mass activity (Fig. 11 ) is comparatively lower for the sample based on CNFs (bare or composite); this may be interpreted on the basis of the largest degree of graphitic character for the sample based on CNFs which play a stabilizing role in the Pt electronic characteristics and reduce the degradation of catalytic activity. Furthermore, it is well known that the surface functional groups interact with Pt nanoparticles modifying the electronic environment of Pt sites available for oxygen chemisorption. 31 As shown in the literature, the lowest number of surface groups provides the best results in terms of intrinsic activity for oxygen reduction. 32 In this regard, bare CNFs or composites based on CNFs appear more appropriate than CXGs or Vulcan, because of the higher content of oxygen groups of the latter, although the presence of the CXG in combination with the CNF gives rise to promising results in terms of suitable surface area and mass activity.
Conclusions
A composite carbon material based on highly graphitic CNFs and highly porous CXGs was prepared and used as a support for the synthesis of Pt catalysts. Physico-chemical features as well as its activity for the ORR were investigated and compared to the bare carbon materials. Amorphous CXGs and graphitic CNFs have been considered in the present paper due to their low cost (<0.50 $ g À1 ) and signicant differences within their properties.
The composite preparation process allowed us to obtain a mixed material by growing nanobers within the porous structure of xerogel. This technique led to an intimate contact between both carbon phases, increasing the interaction with respect to a simple mechanical mixture and allowing us to obtain a more stable and electronic conductive material compared to bare CXGs and with larger surface area compared to bare CNFs. An enhancement of mass activity at 0.8 V of about 30% was achieved at the beginning of life and aer an ADT for the most performing catalyst characterized by a CNF content of 44%. This approach represents a signicant advance in particular for application of noble metal catalysts on carbonaceous supports in fuel cells, given the high surface area and stability of these supports.
